It is important to assess foot posture when investigating the relationship between lower extremity dysfunctions and foot types. Although several measurements of static foot posture have been used, there is no consensus regarding clinical measurements for foot posture. The aim of this study is to explore the differences among navicular drift (NDt), foot posture index (FPI), arch index (AI), dorsal arch height ratio (DAHR), normal navicular height truncated (NNHt) and to discover the most effective measurement. After foot types were classified by navicular drop test (NDp), clinical measurements of NDt, FPI, AI, DAHR, and NNHt were performed on 64 subjects' feet. ANOVA analysis was used for the variance of the difference between the NDp and the five kinds of clinical measurements, and the level of significance was set at ɑ=.05. The results showed that all five clinical measurements demonstrated significant differences with navicular drop. In post-hoc, FPI and NNHt showed significant differences in all foot types. The five clinical measurements are suitable the classification of foot types through the NDp. Therefore, it could be possible to assess correct and objective foot posture by using FPI and NNHt.
Introduction
Abnormal foot posture, such as excessive pronation and supination, has been identified as a causative factor in the dysfunction of feet and the lower extremities (Allen and Glasoe, 2000) . The height of the medial longitudinal arch (MLA) has been generally considered to be a factor that predicts injury (Williams and McClay, 2000) . The MLA plays a role in absorbing shock. Foot types, bony structures, ligamentous stability, and muscular fatigue affect the height of the MLA. Arch height influences the motion of the lower extremities (Nigg et al, 1992; Nigg et al, 1993) and balance ability (Hertel et al, 2002) and abnormal arch height is associated with overuse injuries of the lower extremity (McCory et al, 1997) . Thus, the clinical assessment of foot posture is the essential component for the management of foot dysfunction (Power et al, 1995) .
Foot types are usually classified as pronated, normal, or supinated feet. Excessive pronation, which is characterized by the flattening of the MLA, causes hypermobility in the mid-foot. Excessive pronation increases the internal rotation of the tibia during the stance phase in gait cycle and alternates the position of the patella, which causes the subluxation of the patella and the imbalance of the quadriceps muscle (Brukner, 1996) . An excessively supinated foot, known as a high-arched foot, causes hypomobility in the mid-foot and absorbs less shock. The movement of the supinated foot causes the lateral rotation of the femur and the tibia opposite to that of the pronated foot (Inman, 1969) and the rigid foot produce varus movement of the knee (Sahrmann, 2011) .
The navicular drop test (NDp) has been widely used in recent studies as a valid method for determining excessive pronation (Albensi et al, 1999) and has also been known as a method of predicting lower limb pathology (Bennett et al, 2001) . The NDp, designed by Brody in 1982 , is a method of measuring the vertical change of the navicular tubercle height from the bottom, which shows the amount of movement of the navicular bone in the sagittal plane (Reilly et al, 2009 ). It appears to be a simple and reliable measurement of foot posture (Shrader et al, 2005) . Also, the NDp is a useful clinical measurement of overuse syndrome of the lower limbs. Therefore, in this study, NDp was performed to classify foot posture.
The navicular drift test (NDt) is a method of quantifying this medial-lateral movement of the mid-foot (Menz, 1998) . Although there is no reliability study of this test, Menz (1998) suggested that the measurement of navicular drift provides an indicator of the medial prominence of the talonavicular joint when the foot moves from a neutral to a resting position.
The foot posture index (FPI), an observational scoring system has been developed on the basis of measuring positions of anatomical foot landmarks for assessing static foot posture (Redmond et al, 2006) . It is a fast and simple method of classifying foot posture based on six different visual foot posture criteria, and it has the advantage of measuring the foot in multiple planes. However, it appeared to be poorly correlated with radiographic measurements (Scharfbillig et al, 2004) .
The arch index (AI) was widely reported as a footprint measurement that is defined as the ratio of the total area of the foot, excluding the toes, to the related medial mid-foot area (Cowan et al, 1994) . Although AI was considered to be an invalid clinical measurement to classify arch height (Hawes et al, 1992) , recent study has shown significant correlations between AI and radiographs (Muller et al, 1993) .
The dorsal arch height ratio (DAHR), designed by Williams and McClay (2000) , is an alternative to the NDp. It is a method of measuring the vertical change in dorsal arch height and the amount of foot mobility (Scharfbillig et al, 2004) , and it showed high validity and reliability when compared to radiographs (McCrory, 1997) . The criteria validity of the normalized navicular height truncated test (NNHt) was established by the radiographic method (Williams and McClay, 2000) and the height measurement of the navicular has been shown to be an indicator of the mobility of the navicular (Cornwall and McPoil, 1999) . However, as there is no generalized value, it is difficult to distinguish between normal and abnormal feet (Menz and Munteanu, 2005) .
Although several clinical measurements have been described to classify and quantify static foot postures, the most useful and proper clinical measurement for assessing foot posture is not common. Also, the validity and the reliability of some measurements have been shown, but there have been few studies that compared each measurements to find out the more effective measurements. In addition, although some studies regarding reliability and validity with radiographs have been reported, there is no consensus on the validity and reliability of the measurements. There is little research on the validity of clinical measurements for assessing foot posture.
Thus, the aim of this study is to explore the differences among NDt, FPI, AI, DAHR, NNHt and to discover the most effective measurement.
Methods

Subjects
The feet of sixty-four subjects who were recruited randomly were measured and analyzed. After the examiner sufficiently explained the purpose and method of the study to the subjects, they agreed to take part in this study. Exclusion criteria included a history of congenital deformity in the lower extremities or feet, 한국전문물리치료학회지 2012년 19권 3호 Phys Ther Kor. Vol. 19 No. 3 2012 a history of fracture in the lower extremities or feet, a history of trauma or pain, and previous systemic disease that could affect lower extremity or foot posture.
The subjects of the study were common people between 15 and 51 years of age. The demographic characteristics of the subjects are summarized in Table 1 . Subjects were classified as having pronated feet (22 feet), normal feet (27 feet), or supinated feet (15 feet) according to their foot postures.
Clinical measurements
1) Navicular drop test
In the current study, the NDp, which was described by Plisky et al (2007) , was used to determine the sagittal plane displacement of the navicular between the resting and neutral stance positions (ICC=.78∼.83) (Muller et al, 1993) . The participant was seated with both feet on the ground and his or her knees flexed at 90 degrees. The navicular tuberosity, the most medial aspect of the navicular was marked. The clinician palpated the medial and lateral aspects of the talus head with the thumb and index finger placed just in front of the anterior aspect of the fibula and just anterior and inferior to the medial mallelous. Neutral position of subtalar joint was identified by asking the subject to invert and evert the hindfoot and ankle while the examiner, using the thumb and the index, palpated the anterior medial and anterior lateral head of the talus for congruency (Sell et al, 1994) . With the foot in neutral position of subtalar joint, the clinician measured the distance between the navicular tubercle and the floor in millimeters by using a digital height gauge. We asked the subjects to relax bipedal stance into a full weight-bearing position, and the resulting position of the navicular was measured with a digital height gauge. We recorded the distance between the original height of the navicular and its final weight-bearing position as the subject's navicular drop score. We measured NDp three times by using mean values. The subjects were categorized into one of three groups: a normal foot (between 5 and 9 ㎜ of navicular drop), an excessively pronated foot (more than 10 ㎜ of navicular drop), and an excessively supinated foot (less than 4 ㎜ of navicular drop) (Cote et al, 2005) .
2) Navicular drift test NDt is a measure of MLA mobility and quantifies the amount of horizontal medial navicular excursion between the positions of the subtalar joint when in the neutral sitting and relaxed standing postures (ICC=.31∼.62) (Vinicombe et al, 2001) . The NDt were obtained by marking the horizontal (medial) position of the navicular tuberosity while the participant sat positioned in neutral position of subtalar joint (Vinicombe et al, 2001) . The participant was then asked to assume a relaxed standing position while the horizontal position of the navicular tuberosity was re-marked. The horizontal distance between the two marks was used to represent the medial drift of the navicular (Vinicombe et al, 2001) . Measurements were obtained to the nearest millimeter using a ruler. A smaller NDt value represented a foot posture with a higher, less deformable arch. We measured navicular drift three times by using a mean value.
3) Foot posture index The procedure for scoring of the FPI-6 that has been described in the literature (Redmond et al, 2006) . FPI is a system for observing and rating static foot posture, incorporating six criteria, with the subject standing in a relaxed bipedal position (Kw=.86) (Ferrari and Morrison, 2009 ). The six-variable (FPI-6) was used to characterize the static foot posture of each subject. While each subject stood in their relaxed stance position with their arms by their sides and looking straight ahead, each of the six clinical criteria of the FPI-6 were assessed and scored on a 5-point scale from -2 to +2 by the same individual. The results were combined, resulting in a summative score ranging from -12 (highly supinated) to +12 (highly pronated) with negative values representing a supinated posture and positive values characterizing a pronated position. Reference values as follows: normal (0∼5), pronated (6∼9), highly pronated (10+), supinated (-1∼-4), highly supinated (-5∼-12). In this study, modified scoring system was used as follows: normal (0∼5), pronated (6∼12), supinated (-1∼-12). The six criteria are as follows: the position of the head of the talus, the observation of the curves above and below the lateral malleoli, the extent of calcaneus inversion/eversion, the extent of the bulge in the region of the talonavicular joint, the congruence of the MLA, and the extent of the abduction/adduction of the forefoot on the rear-foot.
4) Arch index 2)
AI of the static footprint was obtained by using imprint material, with the subject standing in a relaxed position (ICC=.99) (Menz and Munteanu, 2005) . Using the AutoCAD 1) computer program, the AI was calculated as the ratio of the area of the middle third of the footprint to the entire footprint area. The higher the arch, the lower the AI (Cowan et al, 1994) .
5) Dorsal arch height ratio
DAHR is the ratio of dorsum height relative to 1) AutoCAD 2010, Autodesk Inc., Seoul, Korea. the truncated length of the foot, excluding the toes. Measurements of DAHR followed the method described in the literature (ICC=.811) (Williams and McClay, 2000) . Firstly, total foot length was measured from the most posterior portion of the calcaneus to the end of the longest toe with a sliding ruler. Next, to determine the point of 50% of total foot length, the previously measured total foot length was divided in half, and the dorsum was marked at the 50% length point using a pen. Then, dorsal arch height was measured marked point from ground. Next, truncated foot length from the most posterior portion of the calcaneus to the center of the first metatarsophalangeal joint was measured. Both measurements were obtained using a sliding ruler, and the values were rounded to the nearest millimeter. The DAHR was calculated by dividing the dorsum foot height by the truncated foot length.
6) Normalized navicular height truncated
NNHt is the ratio of navicular height relative to the truncated length of the foot (ICC=.93) (Williams and McClay, 2000) . First, with the subject standing in a relaxed position, the most medial prominence of the navicuar tuberosity was palpated and marked with a pen. Digital height gauge was then used to measure from the bottom to the top of the navicular tuberosity. Then, footprint was obtained by using imprint material, with the subject standing in a re-laxed position and using the AutoCAD computer program, the length of the foot, excluding the toes, was measured the perpendicular distance from the metatarsophalangel joint to the most posterior aspects of the heel (Cowan and Jones, 1993) . The NNHt was then calculated by dividing the navicular tuberosity height by the truncated foot length, with a lower normalized navicular height ratio indicating a flatter foot.
Procedures
The navicular height of the subjects was measured and the NDp was performed three times each by using a digital height gauge. After a break, the NDt was performed in the sitting position and in the relaxed stance position. With the subjects standing in a relaxed position, we measured the FPI, and the DAHR was measured by using a ruler. Finally, after the feet of all subjects were imprinted, the AI and the NNHt were calculated by using the AutoCAD computer program.
Statistical Analysis
All analyses were performed using the SPSS ver. 12.0 program. ANOVA analysis was used for the variance of difference between the NDp test and five kinds of clinical measurements, and a post-hoc analysis was performed by using the Tukey test. The level of significance was set at ɑ=.05. 2012년 19권 3호 Phys Ther Kor. Vol. 19 No. 3 2012 
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Results
Difference of measurements among NDt, FPI, AI, DAHR, and NNHt according to the foot types There was a significant difference in the five kinds of clinical measurements according to foot posture types (p<.05). In the post-hoc analysis, both FPI and NNHt showed significant differences in all foot postures. However, with AI and DAHR, differences only existed between the pronated foot and the supinated foot, while with NDt, there were significant differences between the pronated foot and normal foot and between the supinated foot and the pronated foot (p<.05) ( Table 2 ).
Discussion
The foot is the most distal segmental area of the lower extremities, and it is a small base of support upon which the body maintains balance. Although minor biomechanical alterations of foot in the support surface foot may influence the posture control and balance of the body, general measurements that evaluate foot posture lack. In this study, after classifying foot posture by the NDp, which has been widely used to assess foot posture, the most proper method of distinguishing three types of feet, which are classified by five clinical measurements, would be suggested, and finally, the most effective clinical measurement will be discovered. The results of this study showed significant differences among five clinical measurements according to foot posture types. In the post-hoc analysis, the FPI and the NNHt showed significant differences in three foot types (p<.05).
The results of this study show that the mean value of the horizontal movement of the navicular is 5.2±2.3, which is somewhat lower than that reported by Vinicombe et al (2001) . Considering that most of the subjects of this study were women and that they were apt to choose smaller size shoes, the results of the study coincide with the study by Menz (1998) , which claimed that foot size is important for determining navicular drop pronation values. The amount of horizontal movement of the navicular in the pronated foot group, which was determined according to the NDp, is relatively larger than that of the supinated foot group. It demonstrates that the amount of horizontal movement and vertical movement of the navicular is related with the foot postures.
Although the FPI is an observational tool in many ways, it is not a proper method for measuring arch height. However, it has the advantage that it provides all the characteristics of foot posture in measuring the MLA and that it is easy to measure without using specialized equipment. The FPI is strongly affected by the shape of the soft tissue and provides limited information about the bony structures of the MLA (Powers et al, 1995) . Compared with Redmond's classification of foot posture, the FPI score of this study was showed a slightly different scale: pronated (5 to 11), normal (0 to 7), supinated (-9 to -1). The difference between these values is due to the degree of hip rotation when the subjects were in a relaxed standing position.
The AI is a reliable tool that quantifies foot characteristics based on a static footprint and does not rely on the clinical experience of the examiner (Levinger et al, 2010) . The AI values obtained in this study (mean value±standard deviation, .24±.03) are similar to those of previous studies (.25±.04) (Menz and Munteanu, 2005) despite the fact that subjects' generalized characteristics were different. Cavangh and Rodgers (1987) classified AI values as the normal values from .22 to .25; values <.21 indicated a varus foot (supinated foot), and values >.26 indicated a valgus foot (pronated foot). The results of this study are as follows: the normal value is .24, the pronated value is .27, and the supinated value is .22. These values are similar to those of previous studies. Billis et al (2007) reported that correlations between AI and the NDp and the NDt were low in both bipedal and a single-leg stances. They also suggested these findings could partly be attributed to 한국전문물리치료학회지 2012년 19권 3호 Phys Ther Kor. Vol. 19 No. 3 2012 the large variability in body fat percentages. However, this study showed that the AI measurement is significantly different from the NDp for the classification of foot posture, and the AI values of overweight subjects were also higher regardless of foot posture. The weight of subjects could be composed of factor in AI value. McPoil et al (2008) have described the DAHR as a method of considering the disadvantages of the NDp, which depends on the examiner's experience. Also, McPoil et al (2009) noted that the greater the vertical change in dorsal arch height is, the greater the amount of foot mobility there is. The mean values of this study, which are in accord with the DAHR, are slightly higher than those of previous research (Williams and McClay, 2000) . The subjects in this study, as compared to that of Williams and McClay (2000) , were mostly women. Considering that women's foot lengths and the average foot length in this study were short, we speculate that there are the differences in the DAHR values because of difference of foot length.
The NNHt measurement was reported to be the most valid measurement in Williams and McClay's (2000) research. In terms of the results of this study, the mean value of NNHt (.27±.03) was relatively larger than that of Williams and McClay (2000) (.19±.03) and Menz and Munteanu (2005) (.24±.03). Williams (2000) measured the value of NNHt in a 90% weight-bearing posture, and Menz and Munteanu (2005) measured the value of NNHt of elderly patients with osteoarthritis (OA) who were relatively overweight, from 73.14±15.49 for the control group to 85.13±13.67 for the experimental group. We think these differences in measurement caused the difference in the mean values. Also, while Williams and McClay (2000) measured the foot length, excluding the toes, with a ruler, we took a foot print and calculated the value of NNHt by using the AutoCAD computer program, which would also add to the difference in the mean value.
In this study, we have tried to discover the most effective measurement among the five clinical measurements according to the classification of foot posture by NDp. All five clinical measurements showed significant differences in evaluating static foot posture. Particularly, in post-hoc analysis, FPI and NNHt showed a significant difference. However, with NDt, there were significant differences between the pronated foot and the normal foot and between the supinated foot and the pronated foot. With AI and DAHR, the differences were only between the pronated foot and the supinated foot. These results show that FPI and NNHt are effective measurements in evaluating foot posture. As NNHt is somewhat time-consuming and does not have generalized data, it is difficult to classify normal and abnormal feet. In contrast, FPI and NDt require minimal equipment and time, and they are the simplest methods to perform in a clinic. This study has a few limitations, the first of which is that the number of subjects is relatively small. 64 feet were measured at random, but there was a relatively smaller number of supinated feet. Secondly, this study was performed on subjects with healthy lower limbs. Systemic conditions, such as diabetes and rhematoid arthritis, or OA can change foot posture and limit the mobility. This limitation can't bring about useful results in a clinic. Thirdly, all measurements were performed in a static position. Thus, future studies should be performed to find out the most effective clinical measurement for those who have problems with feet or lower limbs, and they should also consider dynamic foot positions.
Conclusion
In this study, we attempted to discover the most effective measurement among five kinds of clinical measurements in a static position according to the classification of foot types by the NDp. As a result, FPI and NNHt showed a significant difference (p<.05) regarding every foot posture. AI and DAHR 한국전문물리치료학회지 2012년 19권 3호 Phys Ther Kor. Vol. 19 No. 3 2012 showed significant differences (p<.05) only between pronated feet and the supinated feet in post-hoc analysis. These results showed that FPI and NNHt, as well as NDp are proper measurements in determining foot types. Therefore, it could be possible to assess correct and objective foot posture by using FPI and NNHt.
